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は、 ''StreptococcUS mutansグループ"あるいは "mutans
s treptococci"と総称さね′ている1)2)。これら一群のレンサ球菌
は、細胞壁の多糖抗原の血清学的特異性に基づいて a型から h型





































































antigen serotype c)と呼ぶことにする 23)。
材料と方法
1.  菌およびプラスミド
木研究で主として用いた S.mutans MT8148株(血清型 c)24)
は、大阪大学歯学部付属病院小児歯科外来患者のう蝕病巣から分離
された菌株である。さらに、比較のため、S.cricetus E49株(血
清型 a)、S.rattus B田株(血清型 b)、S.mutans MT703R株
(血清型 e)および OMZ175株(血清型 f)、S.sobrinus B13株
(血清型 豊)および MT3791株(血清型 g)、旦。dOWnei MFe28株



























4・  旦.mutans MT8148からの染色体 DNAの調製
旦.mutans MT8148株を20 mM D,L―トレオニン(和光純薬、大
阪)を加えた Todd―Hewittプロス (THプロス :DifcO)中で
37°C、、18時間培養した。菌体を遠心によって集め、l mMェチレン
ジアミン四酢酸 (EDTA)を含む 10 mMトリス塩酸緩衝液
(pH 8.0:以下、TE緩衝液と略)で遠心洗浄した。菌体 を 20%
グルコースを含む TE緩衝液に浮遊させ、リゾチーム (8 mg/ml:
生化学工業、東京)と、37°C、 30分間反応させた。っいで、Ml酵
素27).28)(0.l mg/ml)と50°C、 30分間、リボヌクレアーゼ A
(0.3 mg/ml; Sigma Chemicals, st.Louis, MO。, uSA)と 37°C、
30分間、ついで、プロナーゼ E(0.3 mg/ml;科研化学工業、東
京)と37°C、 30分間、それぞれ反応させた。次に、Nラウロイル








た。 旦。COli MC1061株をアンピシ リン (50 μg/ml)を含む LB
培地 [バク トトリプ トン (Difco)10g,酵母ェキス (DifcO)
5
5g.NaC1 5 gを1リットルの脱 イオン水に溶かしノて、p117.2に
調製]中で37°C.18時間培養した。菌体を遠心 して集め、5 mlの
25%スクロースを含む 50 mMトリス塩酸緩衝液 (pH 8.0)に浮遊
させ、これに 0.05 mlのリポヌクレアーゼ A(5 mg/ml)と
0.5 mlのリゾチーム (10 mg/ml)を力‖えて、4°C,5分間反
応させた。 ついで、2 mlの0.25 M EDTA(pH 8.0)を加えて
4°Cで10分間放置し、さらに、8 mlのトリトン溶液 (0。1%ト
リトン X-100および 0.6 mM EDTAを含む 50 mMトリス緩衝液、
pH 8.0)を加えた。 4°Cで15分間静置後、遠心 して不溶物を除き、
上清に 1/9容量の 5 M NaClと0.313容量の 42%ポリェチレ ン
グリコール 6000(和光純薬、大阪)溶液を加え、 DNAを沈殿さ
せた。 4°C,18時間放置したのち、遠心によつて沈殿 を回収 tノ 、
0.5 M NaClおよび 50 mM EDTAを含む 50 mMトリス塩酸緩衝液
(pH 8.0)4 mlに溶かした。これに、3.6gの塩化セシウム
(和光純薬)および 0。3 mlの臭化ェチジウム (10 mg/ml、
Sigma)を溶解し、Beckman SW 50。1 ローターを装着 した Bockman







含む LB培地中で培養した Eo coli菌液 1.5 mlをマイクロチヨ
ープにとり、10、000 x g,5分で遠心 した。菌を 0.l mlのリゾ
チーム液 (2 mg/mlリゾチーム,50 mMグルコースおよび 10 mM
EDTAを含む 25 mMトリス塩酸緩衝液,pH 8.0)に縣濁 し、20°C,
5分間反応させた。 0。2 M NaOHを含む 0。1%ドデシル硫酸ナ トリ
ウム (SDS)溶液を 0。2 ml加え、4°Cで10分間放置 したのち 、
3M酢酸ナトリウム (pH 4.8)を0。15 ml加え、さらに 4°C で
6
10分放置した。これを遠心 して得た上清 0.4 mlにェタノール l
mlを加えてプラスミドを沈殿させた。遠心 して回収 したプラスミ
ドに 0。lM酢酸ナ トリウムを含む 50 mMトリス酢酸緩衝液
(pH 7.0)0。4 mlに溶かし再度ェタノール沈殿を行つた。沈殿







精製した。この 10 μgを同キットの説明書に従い、 制限酵素




で遠心洗浄した後、真空乾燥 した。この DNAを上記キットの エキ
ソヌクレアーゼ TH緩衝液 (0。l ml)に溶かし、180単位の エキ
ツヌクレアーゼ IHを加えた。1分毎に 10 μl反応液を汲み出
し、別に用意した同キットの mung bearlヌクレアーゼ用緩衝液
(0.l ml)に移した。 65°C,5分間加熱 して反応を止め、50単
位の ming beanヌクレアーゼ を入れて 37°C,60分間反応させた。
反応後、上述のように、フェノール抽出およびクロロホルム抽出、
エタノール沈殿を行い、 DNAを回収 した。これを、同キットの





反応後の DNAを形質転換法により Eo coliに導入し、アンピシ






E.coliの形質転換は Morrisonの方法31)に従った。 50 mlの
LB培地で培養した対数増殖期の Eo coliを遠心により集菌し、
10 mM CaC12を含む 0 mM MOPS緩衝液 (pH 6.8:Sigma)で一回
洗浄した。これを 75 mM CaC12を含む同緩衝液 (2.5 ml)に縣
濁し、4°Cで18時間放置した。この菌液 0.3 mlに0.1-0.5
μgのプラスミド DNAを加えて、 4°Cで45分間静置 した。これ
を 42°Cで1分間加熱した後、3 mlのLB培地を加えて 37・Cで
1時間培養した。この菌を適当に希釈 し、アンピシリン (50 μg
/ml)、5-プロモ 4-クロロ 3ー-インドリル βー―D―ガラクトピラノシ
ド( 40 μg/ml; Boehringer Mannhein GmbH, West Germany )お
よびイツプロピル βー―D―チオガラクトピラノシ ド (0。2 mM:
Boehringer Mannheim)を含む LB寒天培地に接種 した。
2)S,mutansの形質転換法
So mutans MT8148株の形質転換法は、 LindlerとMacrinaの
方法32)を用いた。 S.mutans MT8148株を 10%ウマ血清を含む
THプロス中でガスパックシステム (BBL Micorbi010gy Systems,
Cockeysville,Md,USA)により、37°C,18時間嫌気培養した。
この 50 μlを2 mlの同培地に接種 し,37°C,4時間静置培養 し
た。対数増殖期の菌液 0。3 mlに10 μgのDNAを加えて更に
1時間培養を続けた。これを適当に希釈 し、ェリスロマイシン








(0.14 M NaClと0.5%ツイーン 20を含む 0.05Mリン酸緩衝
液、 pH 7.2)中で菌残澄を洗い落とし、そのまま 20°C、 1時間




























組換え Eo coliをアンピシリンを含む LB培地 (500 ml)で後
期対数増殖期になるまで培養した。菌を遠心によつて集め、25 ml
の 0。l mMふっ化フェニルメチルスルホエル(PttSF;Sigma)を含
む 50 mMトリス塩酸緩衝液 (pH 7.2)に縣濁した。これを、4°C
に冷却した状態で超音波発振器 (UR 200P, トミー精工、東京)に








プローブ用 DNA l μgを、5 μlの緩衝液 (50 mM MgC12を含む
0.5Mトリス塩酸緩衝液、pH 7.5),5 μlのヌクレオチ ドリン酸
溶液 (デオキシアデノシン 3リン酸、デオキシグア ノシン 3リン
酸、デオキシチ ミジン 3リン酸、各 0.3 mM;東洋紡 )、 4 μl




容量を 50 μlとした。この混合液を 14°Cで2時間反応させた
後、0。25 M EDTAを5 μl入れて反応 を停止させた。 sephadex






アンピシリンを含む LB寒天培地上に滅菌 したニ トロセルロース
膜をのせ、滅菌つまようじで組換え 旦。9ollを接種 した。37°Cで
18時間培養後、ニ トロセルロース膜を 0.5 M NaOH溶液に 10分
間浸した。膜を lMトリス塩酸緩衝液 (pI1 7.4)に・5分間浸す
操作を 3回繰返した後、1.5 M NaClを含む 0.5Mトリス塩酸緩
衝液に 5分間浸した。ニ トロセルロース膜 を風乾後、70%ェタノー
ル、ついで、100%ェタノールで洗浄 し、再び風乾させ、最後に、
膜を 80°Cで2時間焼き付け処理 した。
ニツクトランスレーション法で 32P標識 したプローブ DNAは、
あらかじめ 1009C,10分間加熱し、熱変性させておいた。焼き付
けをしたニ トロセルロース膜を 10 mlのハイプリダイゼーション




ドを含む 2 x SSC(0.3 M NaCl,0.03Mクェン酸ナ トリウム)溶
液で 4回、ついで、2 x SSC溶液で 2回洗浄した。ニ トロセルロ
ース膜を風乾させた後、サランラップをかけ、X線用フィルム (コ





を 0.25M塩酸中に 20°C,15分間浸し脱イオン水で 2回洗浄 ヒノ
た。次に、ゲルを 1.5 M NaClを含む 0.5 M NaOH中に 20°C,30
分間浸した。脱イオン水で洗浄後、3 M NaClを含む 0.5Mトリス
塩酸緩衝液に浸 tノて 20°C,30分間放置 した。これをManiatisら


















チアミン (0.01%)を含む 2 x YT培地 (バクトベプ トン 16g,
酵母ェキス 10g,NaC1 5 gを1リットルの脱イオン水に溶かし 、
pH 7.6とした)で、37°C,18時間前培養 した。 3 mlの2 x YT
12
培地に前培養液 30 μlを接種 し、培養を続けた。 550 nmの吸
光度が 0。2になった時点でヘルバーファージ M13K07(1010
pfu/ml:宝酒造)30 μlを加えた。 37°C,30分間培養 した後 、
70 μg/mlとなるようにカナマイシン硫酸塩 (和光純薬)を加え、
そのまま 37°C,18時間培養した。
培養液を遠心 (8、000 x g,5分間)して菌体を除き、上清
l mlを別のマイクロチューブにとった。これに、 0.2 mlの20%








利用し|ものである。マイクロチュープに 5 μl(l μg)の一本
鎖 DNA、 1.5 μlの濃縮緩衝液、l μlのプライマー溶液および
蒸留水を加えて全量を 12 μlとした。これと別のチュープに四種
類のデオキシヌクレオチ ド混合溶液をそれぞれ 2 μlずっ分注 し
ておいた。上記の一本鎖 DNAプライマー混合溶液に 2 μlの
[α_35s]デォキシシチジン 3リン酸 (10 mci/ml;アマシヤム )



























来のェリスロマイシン耐性遺伝子 (ElR r)を持つ トランスポソン













Brain heart infusionプロス (Difco)で培養した菌体を
550 nmでの吸光度が 0.6となるように PUM緩衝液 (pH 7.1:
K2HP04°3H2022.2g,KH2P04 7.26g,尿素 1.8gおよび
MgS04・7H200o2gを1リットルの脱イオン水)に浮遊させた。こ
の菌浮遊液 3 mlにn―ヘキサデカン (東京化成工業、東京 )
0.3 mlを加え、ポルテツクスミキサーで 1分間混和した。 20°C
で 15分間静置した後、アスピレーターで上層のヘキサデカン層を
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結果
















































まず、pPC12の制限酵素地図を作成 し、 S.mutans DNA由来の
3.8 kb断片中に SacI部位と HindIH部位がそれぞれひとつ存在
することを見出した (図2)。 pPC12をSacIあるいは 二indIH
で切断し、それぞれ 0。7 kb,0.6 kbの断片を取 り除いた上で再結
合させた (図2、del.Sおよび del.H)。このふたつの欠失変異ブ
ラスミドを Eo coli MC1061株に導入 し、ウェスタンプロツト法で
それぞれが産生する抗原の分子量を測定すると、HindIH O.6 kb
断片を欠失した del.HはpPC12と同じ分子量 951000の抗原を産
生していたが、Sac1 0。7 kb断片を欠落 した del.Sの抗原は分子
量が 60、000と小さくなつていた。






ンを選び (図2、 del。1から del.6)、それぞれについてウェスタ
ンプロツト法で抗原の産生を調べた。図2に見られるように、
del.1から del.3は元の pPC12と同 じ分子量 95、000の抗原 を産
生していた。一方、 del.4から del.6のクローンは全 く抗原 を産
生していなかった。
これらの結果から、pac遺伝子は pPC12中の 3.8 kb DNAの中
















del,3 -―――――――-        95K
del.4 -‐―――――――――       ―
del.5 -―――――――――――        ―















プリダイゼーションを行うと、約 4 kbの大きさの DNA断片が
pPC12の星stI―Sacl o.7 kb断片とハイプリダイズすることが見出
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匹 遺伝子
図3 PAcのC末端側に対応する遺伝子のクローニング。




ース電気泳動後 5-3 kbの大きさの DNAを切 りだし、 pUCl18









位に連結し、 これを Eo coli MC1061株に形質転換法で導入 した 。
得られた形質転換株からプラスミドを抽出し、アガロース電気泳動
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図4 pPC41の制限酵素地図。太線はユ.mutans MT8148株由来




Eo co]i(pPC41)が産生する組換え PAc(Coli PAc)のSDS―
PAGEの結果を図5に示した。 Coli PAcはSDS―PAGE上で 旦。










Coli PAcの免疫学的特異性は So mutans PAcのそれと同一である
ことが明らかになった。なお、PAcのN末端側約半分を発現して
いると考えられる pPC12の産生抗原による沈降線はごく弱いもの

































図6 1.coli(pPC41)が発現する PAcのゲル内沈降反応。 1,
E.coli(pUCl18)の菌体抽出物: 2、ュ.mutansの精製
PAc: 3,ュ。coll(pPC41)の菌体抽出物; 4、二。coll




SacI Ec」141断片 (1.7 kb)を用いた。 図4から、この断片は
PAcのN末端に相当すると考えられる。pPC12をSacIおよび
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図7 各種口腔レンサ球菌 DNAとpac遺伝子のサザンハイプリダ





d ): 5, 旦. mutans MT703R  (」hホ肯ヨ望 2 ) ; 6, s. mutans
OMZ175(血清型 1):7,旦。sobrinus MT3791(血清 型
こ);8,旦.doWnei MFe28(血清型 L);9,旦.Sanguis
ATCC10557 ; 10, s. Sanguis ST3 ; 11, 旦. Salivarius





図8に2ac遺伝子を含む 5、169 bpより成る塩基配列を示 した。
pac遺伝子に対応するオープンリーデイングフレームは 200番目
の ATG開始コドンから 4895番目までで、その大きさは 4、696 bp
であつた。この他には、タンパク質をコードしうるオープンリーデ
















果と併せ考え、 Met-1から Ala-38までがシグナルペプチ ドである
と結論された。
24
T TTC TCC TTT ACA ATT AAT CTT CCA TAA AGT CTC CAG TTT cTC cTc
CAA AAA TAC CAC CCA TTC AAT CTC TTT ATA ATT CTC ATT CAC ACA TTA
CTT TTT ATT TCA CCA AAA ATT CAC AAA TCA AAT CAA TTA TAT rAC AAT
-35                            -lo
TTT TTA ACG TAT ATT ACA AAA ATA TAT TTC CAA CAT TTA TTC ACA TTT
191  GGA CCA TTT ATC AAA CTC AAA AAA ACT TAC CGT TTT CGT AAA ACT AAA    238
SD        Het Lys val Lys Lys Thr Tyr Cly Phe Arg Lys ser Lys     13
239  ATT ACT AAA ACA CTC TCT CGT CCT CTT CTA CCA ACA GTA CCA CCA GTC    286
14  11e Ser Lys Thr Leu Cys Gly Ala Val Leu Cly Thr Val Ala Ala Va1     29
287  TCT GTA CCA CCA CAA AAC CTT TTT CCCYGAT CAA ACC ACC ACT ACT AGT    334
30  Ser Val Ala Cly Cin Lys val Phe Ala Asp Glu Thr Thr Thr Thr Ser     45
335  CAT CTA CAT ACT AAA GTA CTT CCA ACA CAA ACT CCA AAT CCA CCC ACC    382
46  Asp Val AsP Thr Lys Val Val Cly Thr G:n Thr Gly As, Pro Ala Thr     61
383  AAT TTC CCA CAC CCT CAA CCC ACT CCC AGT AAC GAA CCT CAA CAA AGT    430
62  Asn Leu Pro Clu Ala Cin Cly ser Ala Ser Lys Glu Ala Clu CIn Ser     77
431  CAA ACC AAC CTC CAC ACA CAA ATC CTT CAT ACC ATT GAA CTA CCT AAA    478
78  Gin Thr Lys Leu Clu Arg GIn Met Val His Thr :le Clu Val Pro Lys     98
479  ACT CAT CTT CAT CAA CCA CCA AAA CAT CCT AAG TCT CCT CGT GTC AAT    526
94  Thr Asp Lcu Asp Gin Ala Ala Lys AsP Ala Lys ser Ala Cly Val Asn    109
527  GTT CTC CAA CAT CCC CAT GTT AAT AAA CCA ACT GTT AAA ACA CCT GAA    574
110  Val Val cin AsP Ala Asp Val Asn Lys Gly Thr Val Lys Thr Pro Glu    125
575  CAA CCA CTC CAA AAA CAA ACT CAA ATT AAA CAA CAT TAC ACA AAA CAA    622
126  Glu Ala Vhl Gin Lys Glu Thr Clu lle Lys Glu AsP Tyr Thr Lys Gln    141
623  CCT CAC CAT ATT AAC AAC ACA ACA CAT CAA TAT AAA TCC CAT CTA CCT    670
142  Ala Clu AsP Ile Lys Lys Thr Thr AsP Cin Tyr Lys ser Asp val Ala    157
671  CCT CAT CAC CCA CAA GTT CCT AAA ATC AAA CCT AAA AAT CAC CCA ACT    718
158  Ala HIs Clu Ala Clu Val Ala. ys :le Lys Ala Lys Asn Cin Ala Thr    173
719  AAA CAA CAC TAT CAA AAA CAT ATC CCA CCT CAT AAA CCC CAC GTT CAA    766
174  Lys clu Cin Tyr Clu Lys Asp Met Ala Ala HIs Lys Ala Clu Val Glu    189
767  CCC ATT AAT CCT CCA AAT CCT CCC ACT AAA ACA CCT TAT CAA CCT AAA    814
190  Arg lle Asn Ala Ala Asn Ala Ala Ser Lys Thr Ala Tyr Clu Ala Lys    205
'::  II: ifI :1, I,I :11 11: 1:I IIt if: if: 'II :11 1,:[,Ff l:1 111    ,::863  CCC AAT CAA CCA CCC TAT CAA AAA CCC CTT CCT CCT TAT CAC CCT CAA    910222  Ala Asn GIn Ala Ala Fyr Gin Lys Ala Leu Ala Ala Tγr Cin Ala Clu   237
91l  CTC AAA CCT GTT CAC CAA CCT AAT CCA CCC CCC AAA CCC CCT TAT GAT    958
238  Leu Lys Arg val Cin Clu Ala Asn Ala Ala Ala Lys Ala Ala Tyr Asp    253
959  ACT CCT GTA CCA CCA AAT AAT CCC AAA AAT ACA CAA ATT CCC CCT ccC   loo6
254  Thr Ala Val Ala A18 Asn AsII Ala Lys Asn Thr Clu lle Ala Ala Ala    269
1007  AAT CAA CAA ATT ACA AAA CCC AAT CCA ACC CCC AAA CCT CAA TAT CAC   1054
270  Asn Clu Clu lle Arg Lys Arg Asn Ala Thr Ala Lys Ala Clu Tyr Clu    285
1:::  :RI t,: IIt ifI :1, T,I :11 1:I :lt EIt t,: 1,1 'II :11 :|:111「2 1:::
1103  AAT CCC CCA AAC CAA CCA CAC TAT CAA CCT AAA TTC ACC CCC TAT CAA   l150
302  ASn Ala Ala Asn Clu A13 AsP Tyr Cin Ala Lys Leu Thr Ala Tyr Cin    317
1151  ACA CAC CTT CCT CGT CTT CAA AAA CCC AAT CCC CAT CCT AAA CCC ACC   l198
318  Thr Clu Leu Ala Arg Val CIn Lys Ala Asn Ala AsP Ala Lys Ala Thr    333
1199  TAT CAA CCA CCT CTA CCA CCA AAT AAT CCC AAA AAT CCC CCA CTC ACA   1246
334  Tyr Clu Ala Ala Val Ala Ala Asn Asn Ala Lys Asn Ala Ala Lcu Thr    349
1247  CCT CAA AAT ACT CCA ATT AAC CAA CCC AAT CAC AAT CCT AAC CCC ACT   129‐8
350  Ala Clu Asn Thr Ala lle Lys cin Arg As● G u Asn Ala Lys Ala Thr    365
1295  TAT CAA CCT CCA CTC AAC CAA TAT CAC CCC CAT TTC CCA CCC CTC AAA   1342
366  Tyr Clu Ala Al● Lcu Lγs Cin Tyr Clu Ala Asp Leu Ala A13 Val Lys    381






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2:::  F,1 1:I I,I :it t,:|:1:‐
lf: ,1, :f: FF: 11, lf: :1, F,: 1:I :11   2:::
2:::  if: :↑
: :f: 1:i t,: Ff: :1' :f: FF: 11, 1,I ::: 111 :it t,: :f:   2:::
2:::  [[: :1: ::: 111 ::: ,II :|: ::: ::f I)I :↑
: 1:II:↑:‐lF: :1, F::   2:::
2927  CCC ACA ACC ACA CCC CAT CAC CCA CAC CCA AAT AAA CCC ACA CCC CCG   2974
910  Pro Thr Arg Thr Pro Asp Cin Ala Clu Pro Asn Lys Pro Thr Pro Pro    925
2975  ACC TAT CAA ACA CAA AAC CCG TTG CAC CCA CCA CCT GTT CAC CCA ACC   3022
3:i:  ||: :ii il:I:li-1:l il: ::| ::| :li ::: ||: ::| |:: :|| ::: :ii   3i!:
3:::  F:: 1:: t;: :,I 'II :1: F[: 111 1'I :↑
:|'II ↑TI FF: 11, FF: :::   3:::
3119  ACT CAT CCT GTT TAT CAA CAT CTT CCA ACA CCT CCA TCT CAT CCA ACT   3166
974  Thr Asp PrO Val Tyr cin AsP Leu Pro Thr Pro Pro Ser AsP Pro Thr    989
3167  GTT CAT TTC CAT TAC TTT AAA CTA CCT GTT CAC CCC CAC GTT AAC AAA   3214
990  Val His Phe HIs Tyr Phe Lys Leu Ala Val cin Pro Cin Val Asn Lys   loo5
3215  CAA ATT ACA AAC AAT AAC CAT ATT AAT ATT CAC ACA ACT TTC GTC CCT   3262
1006  Clu lle Arg Asn Asn Asn Asp lle Asn lle AsP Arg Thr Lcu Val Ala   1021
1:::  10: :,1 1:I fIT ,II t,: II: :1l EI: t,: ↑1' 111 1:I EI: F,1 111   1::9
331l  GGA CGT CAT CAA ACC ACT TCC TTT CTC TTC GTA CAT CCC CTC ccA TCT   3358
1038  Gly Arg Asp Glu Thr Thr Ser Phe Val Lcu V,l Asp Pro Leu Pro ser   1053
::::  ::, I,I :1' II[ 1:I F,I :it if1 11, 10: if1 1:: t:, F:: :f; III   ::::
3407  CAT GTC ACT TAT CAT AAT CCA ACT AAT ACA GTC ACC TTC AAC CCA ACT   3454
1070  Asp val Thr Tyr Asp Asn Ala Thr Asn Thr Val Thr Phe Lys Ala Thr   lo85
::::  111 111 1lI I18 1lI ,FF F11 1:1 1,1 1:I II: :RI t,: I:' flf lll   l:::
::::  1lF ,II I,I FF: ,F1 91f ,11 :19 811 911 EI1 1:1 1:I :f; :fl l,I   :li:
::::  1,I t,: 貪:1 1 I II: ,FF EI: 111 :I: 1:1 1:1 1lI I,I :f; ,TI 全)   :::
li::  ::: 貪1 'II ,I1 lFE fI: ,1' 1lI F:: :f; :;會 FF: 1:1 1:I F:  1:I   111:
::::  11l FF: 1:1 1:1 1:I I,I ,II t,: F,: ::I t,: ,II 貪:1 10: A:1 :it   i:::
::::  1:1 :f; :11 911 ↑T[ :I ::I t,: 11' fII EII if: :,I I:, 111 1:I   :【::
:【:'  1,I I,I :1: EIt ,lI IF: 1:I I11 1:: :1' 1,I t,會 1:  1會: if: : I   :【:9
3791  TCA CCA CAT ACC ATT CAA AAA CCA TTT TAC TAT GTA CAT CAT TAT CCA   3838
1198  Ser Ala Asp Thr ile Cin Lys cly Phe Tyr Tyr Val AsP AsP Tyr Pro   1213
3839  CAA CAA CCC CTT cAA TTC CGT CAC CAT TTA GTC AAC ATT ACA CAT CC■  38861214  Clu Clu Ala Leu Clu Lcu Arg cin Asp Leu Val Lys lle Thr AsP Ala   1229
3887  AAT CCT AAT CAA CTT ACT CGT CTT ACT CTC CAT AAT TAT ACT AAT CTT   3934
1230  Asn Cly Asn Clu Val Thr Cly Val ser Val Asp Asn Tyr Thr As● Leu   1245
3935  CAA CCA CCC CCT cAA CAA ATT ACA CAT CTT CTT TCT AAC CCA CCA ATT   3982
1246  Clu Ala Ala Pro Gin Clu lle Arg Asp Val Leu Ser Lys Ala Cly lle   1261
3983  ACA CCT AAA CGT CCT TTC CAA ATT TTc CCT CCC CAT AAT CCA ACA CAA   4030
1262  Arg Pro Lys Gly Ala Phe Cin ile Phe Arg Ala Asp Asn Pro Arg Glu   1277
4031  TTT TAT CAT ACT TAT CTC AAA ACT CCA ATT CAT TTC AAC ATT CTA TCA   4078
1278  Phe Tyr Asp Thr Tyr Val Lys Thr Cly lle Asp Leu Lys lle Val ser   1293
4079  CCA ATC GTT CTT AAA AAA CAA ATC CCA CAA ACA CCC CCC ACT TAT CAA   4126
1294  PrO Het Val Val Lys Lys Gin Met Cly cin Thr Cly cly Ser Tyr clu   1309
1:::  1會I :11 1:I T,F :↑含 ↑I1 1:: III :f, 1:I :fI I,1 11l I:, 1:I ,I:   1:::
27
4175  GTT ATC AAT AAT GTT CCT AAC ATT AAC CCT AAC AAA CAT CTC ACC TTA   4222
1326  V●1 lle Asn Asn Val Pro Lys lle Asn Pro Lys Lys Asp val Thr Lcu   1341
4223  ACA CTT CAT CCC CCT CAT ACA AAT AAT CTT CAT CGT CAC ACT ATT CCA   4270
1342  Thr Leu Asp Pro Ala AsP Thr Asn Asn Val Asp Gly cin Thr ile Pro   1357
42 71  CTT AAT ACA CTC TTT AAT TAC CGT TTC ATT CCT CCC ATT ATC CCT CCA   4318
1358  Leu Asn Thr Val Phe Asn Tyr Arg Leu lle cly cly lle lle Pro Ala   1373
4319  AAT CAC TCA CAA CAA CTC TTT CAA TAC AAT TTC TAT CAT CAT TAT CAT   4366
1374  Asn His Ser Clu Glu Leu Phe clu Tyr Asn Phe Tyr AsP AsP Tyr AsP   1389
4367  CAA ACA CCA CAT CAC TAT ACT CCT CAG TAT AAA GTT TTT CCC AAC GTT   4414
1390  Gln Thr Cly Asp His Tyr Thr Cly Gin Tyr Lys val Phe Ala Lys va1   1405
4415  CAT ATC ACT CTT AAA AAC CCT CTT ATT ATC AAC TCA CCT ACT CAC TTA   4462
1406  Asp lle Thr Lcu Lys Asn Cly Val lle lle Lys ser Cly Thr Clu Leu   1421
4463  ACT CAC TAT ACC ACA CCC CAA GTT CAT ACC ACT AAA CGT CCT ATC ACA   4510
1422  Thr Cin Tyr Thr Thr Ala Clu Val Asp Thr Thr Lys Gly Ala lle Thr   1437
451l  ATT AAG TTC AAC CAA CCC TTT CTC CCT TCT GTT TCA ATT CAT TCA CCC   4558
1438  :le Lys Phe Lys Glu Ala Phe Leu Arg Ser Val ser lle AsP Ser Ala   1453
4559  TTC CAA CCT CAA AGT TAT ATC CAA ATC AAA CGT ATT CCC GTT CGT ACT   4606
1454  Phe CIn Ala Clu Ser Tyr lle Cin Met Lys Arg ile Ala Val Cly Thr   1469
4607  TTT CAA AAT ACC TAT ATT AAT ACT CTC AAT CCC GTA ACT TAC AGT TCA   4654
1470  Phe Clu Asn Thr Tyr lle Asn Thr Val Asn Cly Val Thr Tyr Ser Ser   1485
4655  AAT ACA CTC AAA ACA ACT ACT CCT CAC CAT CCT CCA CAC CCT ACT CAT   4702
1486  Asn Thr Val Lys Thr Thr Thr Pro Clu AsP Pro Ala Asp Pro Thr AsP   1501
4703  CCC CAA CAT CCA TCA TCA CCC CCC ACT TCA ACT CTA ATT ATC TAC AAA   4750
1502  Prc Cin Asp PrO Ser Ser Pro Arg Thr Ser Thr Val lle lle Tyr Lys   1517
471l  CCT CAA TCA ACT CCT TAT CAC CCA ACC TCT CTT CAA CAA ACA TTA CCA   4798
1518  Pro Cin ser Thr Ala Tyr Cin Pro Ser Ser Val CIn Clu Thr Leu Pro   1533
4799  AAT ACC CCA CTA ACA AAC AAT CCT TAT ATC CCT TTA CTT CGT ATT ATT   4846
1534  Asn Thr Gly val Thr Asn Asn Ala Tγr Met Pro Leu Leu Cly lle lle   1549
4847  GCC TTA GTT ACT ACT TTT ACT TTC CTT CGT TTA AAC CCT AAC AAA CAT   4894
1550  Gly Leu Val Thr Ser Phe Ser Leu Leu Cly Lcu Lys Ala Lys Lys AsP   1565
4895  TCA CAC CAT ACA CAT TAC ATT ACA ATT AAA AAC TCA CAT ACA ACC CAT   4942
1566  ⅢⅢ■
4943  AAA TCA CAC ATT CAC CTT TTA TCT CAT TTT TTC ATT AAT TAA AAC ACA   4990
4991  AAT AAC TAC CCT ATC TTT GTT CTA TTA AAA AAA CAG TTA TCC TTA AAT   5038
5039  ACC AAT ATC ATT AAC CAA TTT TAC CAA AAC CAT CAT TTA CTG TCA GTT   5086
5087  TTT AAC TAT CTT TCT TAA ACA AAA AAT CCT ATA ATA TTT TAG TTC CAC   5134
















返しドメイン を含む PAcの約 4分の 1は、 α―ヘ リックス構造
を取る傾向の強いアラエン残基やグルタミン酸残基が多く、ほぼ完
全にα―ヘリックス構造を取つていると推定された。
ふたつめの繰返し構造は PAcの中央 C末端側寄 りに存在 した。
これは 39アミノ酸からなる構造が 2.5個並んでいると考えられ
た (P―繰返しドメイン、図10B).P―繰返 しドメイン とその近




傍 (PrO-835から Pro-985)では全アミノ酸のうちプロリンが 30
%を占めていた。PAcのC末端側にもプロリンの多い小領域が存
在し (PrO-1、493から PrO-1、508)、16残基のうち 6個がプロ
リンであつた。
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グした pac遺伝子の途中に Emr遺伝子を挿入し、これを S。
mutans MT8148株に形質転換で導入した (図13)。得られた Emr
株は、組換えの結果、染色体 DNA上の pac遺伝子の途中に Emr
遺伝子が挿入されており、PAcのN末端側に相当する分子量約 6
万の不完全なポリベプチ ドを産生するに過ぎない。得られた変異株
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株名      菌体疎水性
ヘキサデカンヘの吸着比 (%)
MT8148          29.5 + 3.6
PAcEm-2          4.9 + 1.5
PAcEm-3          7.1 + 2.7














クローニングした SacI断片を連結して、最終的に 7.5 kbの完全








S.mutans由来の PAcより若千大きい抗原 (Coli PAc)を産生ヒノ













Leeら52)はごく最近、 S。mutans NG5株(血清型 c)から Pl
抗原 (PAcと同一抗原)の遺伝子 (spaPl)をクローーニングした
35
クローニングした DNA断片の長さは 5。2 kbであり、発現する 抗




⊇29遺伝子 のそれと比較すると Hi■dI H部位が一箇所異なる他は
酷似していた。
サザンプロツト分析の結果 (図7)から、pac遺伝子 と相同性の























この pac遺伝子は 1、565アミノ酸からなる分子量 170、773のタ
ンパク質をコードする。この N末端の Met-1から Ala 36までは、
これまで報告された他のグラム陽性菌のシグナルペプチ ド49)の次
のような特徴、 すなわち N末端側の塩基性アミノ酸に続 く疎水性
アミノ酸の配列が存在し49)、また、 切断サイトにアラニンが存在
54)するという性状を具備していた。さらに、 アミノ酸シークエネ





塩基配列から求めた PAcの分子量 (166、817)は、 SDS―PAGE
上の Coli PAcの分子量 (210、00-190、0 0)より 21%―
14%も小さかつた。同様の所見は A群レンサ球菌の Mタンパク






ら55)も塩基配列から求めた プロテイン Gの分子量 (51、871)




















ヨウ素酸・ Schi ff染色法では染色されず 、Foresterらの結果は
追試されていない (太田ら、未発表 )。 もし、PAcが糖鎖を有する
タンパク質であるなら、上述の分子量の差異の理由の一部は糖鎖の
存在に帰することができよう。
アミノ酸配列の分析から、 PAcには 2つの繰返 し領域が存在す
ることが示された。 N末端側の A―繰返 しドメインにはアラエンが
多く、中央部の P―繰返しドメインにはプロリンが多かつた。 Chou
と Fasmanの方法42)による二次構造の推定によると、 A―繰返 しド
メインを含む N末端側はほぼ完全なα―ヘ リックス構造であつた 。
α一ヘリックス構造 をもつ抗原タンパク質の代表的なものは A 群



















は Mタンパク,プロテイン Gやプロテイン Aで示唆されている
のと同様、タンパク質を膜に固定するアンカー領域とみなされる






GTaseの基質であるという事実による4)。 また、 GTaseを欠損 し
た S.mutans変異株は、う蝕原性が低下 していることも知られて








して、 PAcを欠損 した So mutans変異株 を作成 し、その菌体疎水
性を調べた (表2)。その結果、 PAc欠損変異株では、菌体疎水







ことを報告している。 これらの結果から、 PAcが菌体疎水性 を介






















ンパク質 (Coli PAc)を産生した。 この Coli PAcの免疫学的
特異性は S.mutans由来の PAcと同一であることがゲル内沈降反
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The structural gene for a surface protein antigen (PAc)of
Streptococcus mutans M丁8148 ( erotype c)was c10ned into the
plasmid vector pUCl18.  SDS―olyacrylamide gel electrophoresis
and Western immunoblot showed that the E. coll harboring the
chimeric plasmid produced multiple polypeptides of 190,000 to
210,000 daltons (D).  ImmunOdiffusion analysis revealed that the
cloned PAc had the same specific determinants as the S. mutans
PAc.  丁he cloned pac gene was mapped, and its transcriptional
orientationowas determined by characterizing deletion mutants of
lhe Chimeric plasmid.  Southern blot analysis with the cloned
gene sequence as a probe revealed the presence of a homolo9ous
sequence in DNAs from serotypes e and f S. mutans.  丁h  complete
nucleotide sequence of the pac gene was determined.  The gene
consisted of 4,695 bp and coded for a 170,773 D proteine  tthe pac
gene product contained a putative 38-amino acid signal peptide。
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sequence preceded the open reading frame.  TwO internal repeating
amlnO acld sequences were present in the PAc。  On  repeating
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PAc―defective mutants were constructed by the lnsertion of an
erythromycin―resistance gene intO the pac genee  Cell―surface
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straln.
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Surrnary
The structural gene for a 190 kD protein antigen (PAc)of StreptococcuS
mutans Ⅲ8148(serotype■)Was cloned into the plasmid vectOr pUCl18.SDS―
polyacrylamlde gel electrophoresis and Western immunoblot showed that the E.
coll harboring the chimeric plasmid produced multiple polypeptides of 190 tO
210 kD.  Immunodiffuslon analysis revealed that the cloned PAc had the same
specific determinants as the S. mutans.PAc.  The cloned pac gene was mapped,
and its transcriptlonal orientatlon was determined by characterizing
deletlon mutant, of the chimeric plasmido  Southern blot analysis with
the cloned gene sequence as a prObe revealed the presence of a homolo9ous
sequence ln DNAs from serotypes e and f So mutanso  PAc―def ctive mutants
were constructed by the insertion of an erythromycin―esistance g ne into
the pac gene.  Cell‐surface hydrophobicity of the mutants was 10wer than
that of the parent straln.
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Introduction
Organlsms of the mutans group of streptococcl are composed of seven
genospecies and have been strongly implicated as causative agents of dental
caries (Coykendall and Gustafson, 1986; Hamada and Slade, 1980: Loesche,
1986)。  Among the mutans streptococci, serotype■Streptococcus mu ans is
most frequently isolated from human dental plaque (Hamada and Slade, 1980)。
Serotype■■ mutans possessivarious cell―associated antigenic substances;
much interest has been focused on a wall―associated plotein of 190 kD which
has been variously designated as antigen B (Ro Russell, 1979), 1/11(M.
Russell生ュ。,1980),IF(Hughes生二。,1980)and Pl(Forester三二.,
1983).  ThiS high―molecul ar―weight protein antigen is produced by serotypes
皇 and i奎・ mutans as well as serotype■・ 丁hi  protein antigen shows
serological cross―reactivity with a protein of 210 kD named SpaA (Holt et
二.,1982)or PAg(Okahashi三二。,1986),whiCh is produced by
Streptococcus sobrinus strains(serOtypes■and■)(R.Ru sell,1979)。
Although the biological functions of this 190 kD protein are not well
understood, antigen 1/11 has been successfully used as a vaccine to protect
monkeys against dental caries(Lehner et al., 1981).  In this regard, Scully
eL al_。(1980)repOrted that antiserum directed against this antigen
opsonizes ■ mutans cells for phagocytosis by polymorphonuclear leukocytes.
In additlon, antiserum to this antigen has been reported to block adherence
of sallva―co ted hydroxyapatite m vitr。 (Douglas and Russell, 1984)and to
reduce colonization in vivo(Lehner et,ュ.,1985)。McBrideニユ・(1985)
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claimed that the 190 kD protein is involved in the hydrophobic interactlons
between S. mutans cells and tooth surfaces.
As an initial step to elucidate the structure and functlon of the 190 kD
protein antigen of tt mutans, we attempted to clone the structural gene for




Cloning of the pac gene in E. coli
Fragments of PstI―dige ed chromosomal DNA of So mutans MT8148 (serotype ■)
were ligated into the Pstl site of pUCl18.  About 5000 recombinant
Escherichia coll clones were screened for reactivity with rabbit antibody
against the 190 kD protein antigen (PAc)of tt mutans MT8148 by colony
immunoassay.  Six clones were positive for antigen expressiono  Plasmid DNAs
from these antibody―reactive clones were prepared, digested with Pstl or
other restrictlon enzymes, and electrophoresed on agarose gel.  Restriction
endonuclease analysis revealed that all of these plasmids possessed the same
3.8 kb insert.
Western blot analysis of cell lysates showed that all the proteins
expressed by these 6 clones were 95 kD (Data not shown)。  丁he chimeric
plasmid present in one of these clones was named pPC12, and used for the
following study.
Determination of coding reglon and directlon of transcription
The molecular weight (95 kD)
containing pPC12 was smaller
thought that the cloned gene
remaining reglon, the coding
of the antigen expressed by the clone
than that of native PAc (190 kD).  ThuS,
was not complete.  In order to clone the
reglon on pPC12 and the orientatlon was
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estimated.
pPC12 DNA was digested with Sacl or wIII,Self-1lgated,and then
transformed into Eo coll MC1061.  This self‐1lgation met od r sulted in
isolation of some deletlon mutants.  The expresslon of antigen was analyzed
by colony immunoblot and Western immunoblot.  As shown in Fig。1, deletlon
of O.6 kb HindIII fragment of the right side of 3.8 kb inserted DNA (pPC12-
del.H)did not affect the antigen expressed.  On the other hand, deletion of
the O.7 kb Sacl fragment of the left side (―del.S)r sulted in the reductlon
of the molecular weight of the antigen expressed.
Then, a series of unidirectional deletions of 3.8 kb insert were
constructed, and transformed into Eo coll MC1061.  Their plasmid DNAs were
extracted, digested with PstI, and analyzed for the extent of deletion。
The expresslon of antigen was analyzed by colony immunoblot and Western
blot,and compared輌th the deletion map(Fig。1).L C01l harboring
plasmid pPC12-del.1, ―del.2 or ―del.3 produced the antigen of 95 kD.
However,L C01l harboring pP“2-del.4,―del.5 or―del。6 did not express the
antigen.  These results suggested that the cloned gene was transcribed from
near the HindIII site toward the internal Sacl site.  The 3.8 kb insert
fragment appeared to contain a promoter that was functional in E. coll,
since clones containing the insert in either Orientation with respect to the
lacZ gene(1.e.in either pUCl18 or pUCl19)produced the 95 kD protein.
Thus, the protein expressed by pPC12 was expected to be the N―terminal half
of the PAc protein.
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Construction of the complete pac gene
A prellminary Southern hybridization analysis of SacI―gested S. mutans
MT8148 chromosomal DNA indicated that a single band of approximately 4 kb
hybridized with the radlolabeled O。7 kb PstI―Sacl fragment of pPC12.
Therefore, the O。7 kb Pstl―Sacl fragment was used for the colony
hybridization to screen an E. coll llbrary which cOnsisted of SacI
fragments of 3 to 5 kb from MT8148 DNA l19ated into the plasmid vector
pUCl18 (Fig. 2)。  About 300 dolonies were screened, resulting in the
detectlon of 22 positive colonies by autoradiographic analysis.  The chimeric
plasmids were isolated from these clones and shown to contain a 4.2 kb
insert.  One of these plasmids (pPC31)was used for the constructlon of the
complete gene.
pPC31 DNA was digested with聾,ligated into the w site Of pPC12,and
transformed into Eo coll MC1061.  Plasmid was extracted from each
transformant, and the DNA pattern was determined by agarose electrophoresis.
Transformants harboring a plasmid with an insert of about 7.5 kb were
sel ected, and their expresslon of the PAc antigen was analyzedo  Western
blot analysis revealed that about half of these clones produced the PAc
antigen of high molecular weight (190 to 210 kD).  One of these chimeric
plasmid was termed pPC41.  The gene was mapped with PstI, Sacl and HindIII
on the chromosomal DNA by Southern blottingo  No significant difference of
sizes of restrictlon fragments between chromosomal DNA and pPC41 was
detected, suggesting that the complete pac gene was constructed by this
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procedure (Data not shOwn).  The restriction map Of pPC41 ls shOwn in Fig。 3.
Immuno10gical characterizatiOn of the recombinant PAc
ImmunOdiffuslon tests revealed that rabbit antiserum to So mutans PAc formed
a fused precipitin line with cell extract of Eo coll MC1061 (pPC41)and
purified PAc of S.mutans肝8148.E.coll MC1061(pUCl18)extract,
on the other hand, formed no precipitin llneo  Cell extract Of E. coll
MC1 061 (pPC12), which prOduced N―terminal half Of the PAc protein, fOrmed
a very weak precipitin line (Data not shown)。
SDS―PAGE and Western b10t analyses Of  these L C01l extracts are shown in
Fig. 4.  The recOmbinant PAc expressed by pPC41 appeared tO be three
closely spaced polypeptides of 19o t0 210 kD (Fig。 4, lane 3).  The cell
extract Of E. coll harboring pUCl18 did not react with the antiserum to PAc.
Distribution of sequences hOm010gous tO the pac gene
To determine whether sequences hOm01090us tO the pac gene were present in
other streptococcal species, hybridization studies with a specific prObe
were undertakeno  TO generate the pac gene prObe, pPC41 was digested tO
completlon with PsLI.  After electrophoresis On an agarose gel, 1.5 kb
fragment was electroeluted and 32P_labeled by the nick translation method.
Based on our prevlous results, this l.5 kb Pstl fragment encoded the central
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region of PAc (see Fig。 3)。
Pstl―digested chromosomal DNA preparatlons from varlous streptococci
were transferred to nitrocellulose, and hybridized.  As shown in Fig. 5,
hybridizatlon of the radiolabeled probe to a Psl:I fragment frOm主
mutans MT703R (serotype 2)and to OMZ175 (serotype f)as well as to MT8148
(SerOtype ■)Was detected.    No hybridization to PstI―digested chromosoma]
DNA isolated from other strains of oral streptococci and Streptococcus
pyogenes was detected.
Insertional mutatiOn gf paC gene and ⊆皇]]LェJEQplpbiCi主主 pF the mutants
To determine whether the PAc is essential for the cell―surfac
hydrophobiclty of■mu ans, we constructed PAc―defe ive mutants.  An
erythromycin―resistance (Emr)gene fragment was inserted into the PAc coding
reglon of pPC12.  It was linearized by digestion with PstI, and transformed
intO L mutans MT8148 (Fig. 6)。  More than 90% of the resultant Emr
transformants displayed a decreased reactivity against antl―PAc serum n
enzyme-linked immunosorbent assay (ELISA).  Table l showed the result of
ELISA for PAc of two typical transformants, PAcEm-2 and PAcEm-3.  Southern
blot analysis utillzing the l。8 kb Emr gene fragment as a probe  reveal ed
the insertlon of the Emr gene into the chromosomal DNA of these
transformants (Data not shown)。
The surface hydrophobiclty of these transformants was determlned by thelr
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adsorptlon to hexadecane.  As shown in Table l, the hydrophobicity of PAcEm―




ln the present study, a gene coding for a high―mol cular―weight
protein antigen PAc of■mutans MT8148 (serotype ■)has been cloned.  The
cloned PAc reacted with antiserum directed against tt mutans PAc, and
produced a fused precipitin line with So mutans PAc in immunodiffuslon test.
When produced in recombinant E. coli, the protein had a molecular weight
of 190 to 210 kD (Fig。 4)。  The molecular weights of multiple bands of
cloned PAc was sllghtly larger than that of S. mutans PAco  No clear
explanatlon is avallable for the multiple banding pattern of the cloned PAc
at this time.  However, a simllar multiple banding pattern has been
observed for the group A streptococcal M protein produced in Eo coll (Scott
and Fischetti,1983;Kehoe et al.,1985).
Genes of several other surface prOteins of mutans streptococci have
been cloned by others.  Ho]t et al。 (1982)reported the cloning of a gene
coding for a high―molecular―weight protein antigen SpaA of S. sobrinus
(SerOtype J[)・ HOwever, the spaA gene expresses a polypeptide of 160 to 170
ckD, which is different from the actual molecular weight of the native SpaA
protein (210 kD)。  More recently, Holt and Ogundipe (1987)have cloned the
entire coding sequence for SpaAo  SDS―PAGE of Eo coll extracts containing
the cloned gene has shown a protein band 210 kDo  Although S._sobrinus SpaA
protein is known to be immunologically related to S. mutans PAc protein
(Okahashi三二 。,1986:R.Russell,1979),the restriction maps of the two
genes of the SpaA (Holt and ogundipe, 1987)and our PAc (Fig. 3)did nOt
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show any correlatlon between the positions of the restriction sites of
BamHI,国I,HindIII,Pstl and聾。 Furthermore,our southern
hybridization analysis revealed that the pac gene did not hybridize with the
PstI―digested chromosomal DNA of S. sobrinus under the conditions employed
in this study (Fig. 5).  In this regard, we have recently cloned a gene
coding for 210 kD protein antigen PAg (identical tO SpaA)of a strain of
serotype■S・ SObrinus.  DNA hybridization experiments revealed that the
pac―speclfic probe did not hybrldize to the pag gene under the
condition employed in this study.  However, under the low stringency
hybridization conditlon [20% (v/v)formanide at 35°C], significant
hybridization was detected.  These results suggested that there is low but
significant homology between pac gene and pag gene (Takahashi £主 alぃ。,
unpublished data)。 Recently, Sommer ett al.(1987)have cloned a gene coding
for sallva―interacting protein(SR)of SL mutans OMZ175(serotype■)・ They
used a polyclonal antibody against SR of 74 kD (74K SR)to screen the lambda
phage library.  They found that the antibody―reactive clones produce a
protein of 195 kD, and suggested that the 195 kD protein would be a
precursor of 74K SR.  The molecular weight of this precursor protein is very
simllar to S. mutans PAc.  The restriction map of the gene for the 195 kD
precursor was different from that of the gene fOr PAc.  Thus, the
relationship between these two proteins is unclear at presento  Further work
wlll be needed to compare the precursor protein of the 74K SR with PAc,
slnce both of these protelns have been consldered to be lmportant in the
interactlon between sallvary component and S. mutans cells.
-12-
A]though it has been reported that PAc is a potent vaccine against dental
caries(Lehner生二 .,1981),biological roles of this protein are poorly
understood.  There is currently great interest in the role of cell―surfac
hydrophobicity in mediating bacterial adherence to teeth and oral mucosal
surfaces (Gibbons, 1984).  丁hus, we have constructed structural gene mutants
by uslng an erythromycln―reslstance gene, and then examlned thelr
hydrophobicity.  As shown in Table l,  the hydrophobicity Of the PAc―
defective mutants were lower than that of the parent strain.  This finding
lndicates that the PAc takes part in surface hydrophoboclty of S. mutans。
Other properties of the PAc―defective mutants are now under investigation。
The nucleotide sequence of the pac gene and its regulatory reglon will be
determined to explore the fine structure of the protein and investigate the
regulatlon of its expression in So mutans.  The knowledge of the
molecular structure of PAc may lead to an understanding of the role of the
PAc protein in the colonizatlon of S. mutans on tooth surfaces.
Furthermore, the cloned pac gene may be useful for developing an effective
recombinant vaccine against dental caries.
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Experimental procedures
Bacterial strains and plasmid vectors
SL mutans田「8148,a typical strain of serotype■奎.mutans,has
been described prev10usly (Okahashi el■・, 1984).  Other streptococcal
strains used in this study were as follows: L criCetus E49 (mutans serotype
■)'奎LL rattus FAl(serotypeュ), 』LL S°brinus strains B13(serotype d),
阿3791(serotype■),ュdOWnel MFe28(serotype h),S.mutans strains MT703R
(serotype■)and OMZ175(serotype■),■Sanguis strains ATCC10557 and ST3,
S. sallvarius HHT, and tt pyogenes SF42.  These strains were selected from
the stock cu]ture collection at the Department of Dental Research, National
lnstitute of Health, Tokyo and at the Department of Oral Microblology, Osaka
University Faculty of Dentistry.  Eo coll K-12 strains MC1061 (Sasakawa笙
ュ。,1983)and」M109(Yanisch―Perron生ュ。,1985)were used as a host for
the plasmido  Plasmid vectOr pUCl18 and pUCl19 (Vieira and Messing, in
press)were purchased from Takara Shuzo Co。, KyOtO, Japan.
Antigen and antibodies
Native PAc antigen was purified from
grown ln TTY medium according tO the
Forester三二。(1983),as modified
had a molecular weight of about 190
culture supernatant of S. mutans MT8148
metho s of Russell生ュ。(1980)and
by Okahashi生ュ。(1986).This prOtein
kD and imm nologically identical to
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antigen B kindly supplied by Dr. R. R. Bo Russell (Ro Russell, 1979;
Okahashi三二。,1986).This antigen and rabbit anti―PAc serum were supp]ied
by H. Ohta  (Department of Dental Research, the Natlonal lnstitute of
Health, TOkyo).
DNA manipulatipns
S. mutans M丁8148 was grown in Todd―Hewitt broth (Difco Laboratories,
Detrolt, MI・ USA)supplemented with 20 mM D,L―threonine for 18 h at 37・C.
The cells were harvested, washed with TE (10 mM Tris_HCl, l mM EDTA, pH 8.0)
buffer, and suspended in TE buffer containing 20% (w/v)glucose.  The cells
were lysed with 8 mg ml~1 lysOzyme for 30 min at 37°CD f。110wed by N―
acetylmuranidase Sc (o。l mg ml~1, Seikagaku Kogyo CO。, TOkyo, Japan)for 30
min at 50°C.  丁he lysate was then treated at 3'°C with RNase (0.3 mg ml~1)
for 30 min, and with Pronase E (0.3 mg ml~1, Kaken Kagaku CO。, TOkyo, Japan)
for 30 mino  Sodium N-lauroylsarcosine (Sigma chemical cO., St. Louis, MO,
USA)was then added to a final cOncentration of 2% (w/v), and the mixture
was incubated for 15 min at 37・C, and cen rifugedo  The supernatant was
extracted three times with an equal v01ume of phenol―chloroform (1 : 1)and
twice with chloroformo  Chromosomal DNA in the aqueous phase was extensively
dialysed against TE buffer, and stored at 4°C.
Large―scale preparation of plasmid DNA has been prevlously described
(Sasakawa and Yoshikawa, 1980).  Sma11-scale preparation for detectlon
of plasmid and fOr restrict10n enzyme digestion was performed by the method
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of Birnboim and Doly (1979)。
A series Of unidirectlonal delet10ns Of pPC12 were prepared by using the
Kilo―deletlon kit (Takara shuzo).  The pPC12 DNA was digested with
restrict10n enzymes Xbal and ≦⊇nI, and then treated with exonuclease III.
The digest was treated with mung bean nuclease and Klenow fragment to ensure
formation of blunt―ended DNA.  T4 DNA ligase was added to recircu]arize the
varlous delet10n products(HenikOff,1984).
ConstructiOn of the Se mutans c10ne banks
Chromosomal DNA from S. mutans MT8148 was digested with PstI (Toyobo Co.,
Osaka, Japan)and ligated with 丁4 DNA llgase (丁akara Shuzo)tO Pstl―
digested, calf intestine alkaline phOsphatase (3oehringer Mannheim GmbH,
Mannheim, West cermany)―reated PUcl18.  Eo coll 」M109 was then
transformed,and plated LB(Maniatis生二。,1982)agar containing
ampicillin(50 μg ml~1),5-bromo-4-ch10ro-3-indolylf―D―gal actOpyranoside
(40 μg ml~1)(3oehringer Mannheim)and isoprOpyl―
「
D―thlogalactOpyranoside
(0.2 mM)(Boehringer Mannheim)。  A simllar procedure was emp10yed tO
construct the Sacl digested DNA clone bank。
Colony immunob10t and colony hybridizatlon
Recombinant c10nes were transferred with toothpicks Onto sterile
nitrocellu10se filters placed on LB agar plates containing 50 
μg ml~1
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ampiclllln.  The plates were incubated overnight at 37°C.  The fllt s were
placed over chloroform vapor for 10 min to lyse the cells, and blocked with
5% (w/v)sklmmed mllk in PBST[0。05 M sodium phosphate, 0.14 M NaCl, 0。1%
(v/v)Tween 20, pH 7.2]for 30 mino  Rabbit anti―PAc serum in 5% (w/v)
sklmmed milk in PBST was incubated with the fllters fOr l h at 20°C.  The
fllters were washed fOur times with PBST, and reacted with anti―rabbit
immunoglobulln G conJugated with horseradish perOxldase (31o―Rad
Laboratories, Richmond, CA, USA)for l h at 20°C.  After extensive washing
with PBST, the fllters were developed with O.5 mg 4-ch10ro-1-naphtol per ml
in O.01% (v/v)H202 and 10 mM Tris―HCl (pH 8.0)。
Colony hybridizatlon was performed as described by Grunstein and HOggness
(1975)。  Recombinant clones were transferred onto the nitrocellulose
fllters as described above.  The fllters were treated with successive, 0.5 N
NaOH,l M Tris―HCl(pH 7.4)and O.5 M Tris‐HCl conta ning l.5 M NaCl(pH
7。4)。  After heating at 80°C fOr 2 h, the fllters were reacted with the 32P_
labeled probe.
Preparatlon of sOnic extract of recombinant E. coll
Recombinant E. coll cells were grown to a late 10garithmic phase in 500 ml
of LB medium containing ampcillin (50 μg ml~1).  The cells were harvested by
centrifugatlon, suspended in 25 ml of 50 mM Tris―Hc]buffer (pH 7.2)
containing O。l mM phenylmethylsulfonylfluoride (PMSF) (Sigma chemicals), and
sonicated for 2 min at O°C using a Tomy ultrasonic disruptor (UR-200P, Tomy
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Seiko CO。, 丁okyo, 」apan)。  After treatment with nuclease Pl (lo μg ml~1)
(Seikagaku Kogyo)for 30 min at 37°C, cell debris las removed by
centrifugation, and the supernatant was cOncentrated by adding solld
ammonium sulfate to 70% saturationo  The precipitate was c01lected by
centrifugation, dissolved in 10 ml of 50 mM Tris―Hc] buffer (pH 7.2)
containing O.l mM PMsF, and dialyzed extensively against the buffer.
Immuno10gical procedures
For Western blot analysis, the E. coll SOnic extracts were applled to sodium
dodecyl sulfate (SDS)polyacrylamide slab gels[7.5% (w/v)](Laemmll, 1970).
After SDS―polyacrylanide gel electrophoresis (PAGE), the prOteins were
transferred to a nitrocellu10se membrane by the electrophoretic b10tting
technique (Burrett, 1981).  The membrane was treated with rabbit anti―PAc
serum.  The antibOdy bOund to the immobillzed repllca proteins on the
membrane was detected by a procedure simllar to the colony immunob10t (See
above)。
Immunodiffus10n analysis was performed in a l.5% (w/v)agarose gel in O.05
M veronal buffer, pH 8.6.  For ELISA, whole cells (o.2 mg/ml in o.o5 M
bicarbonate buffer, pH 9.6)were coated to the microtiter plate (100 μl)at
4°C for overnight, and then rabbit anti―PAc se um (1 : 2000 dilution)was
added.  Antibody binding was detected with alkaline phosphatase‐cOnjugated
goat anti―rabbit lgG(Blo‐Rad)at a l : 1000 dilution with 2‐n trophenyl
phosphate as the substrateo  After lncubation for 60 mln at 37°C, the
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optical density at 405 nm (OD405)Was measured (Hamada et al。, 1984).
Southern hybridizatlon
Chromosomal DNAs from varlous streptococci were digested with Pstl.  The
DNA fragments separated by agarose gel electrophoresis were transferred to
nitrocellulose membranes by standard procedures(Maniatis三二.,1982).
The l.5 kb Pstl fragment of the pac gene was radi01abelled by nick
translatlon(Maniatis et■1。, 1982)using 32P…labeled deoxycytidine
triphosphate.  Hybridizatlon on nitrocellulose membranes was performed
according to the procedure of Sasakawa£L al_・ (1986)with 50% (v/v)
formamide at 42°C.
Insertlonal inactivation of the pac gene
The l。8 kb fragment coding for erythromycin―resistance (Emr)was isolated
from agarose gels after 3amHI cleavage of transposon MudE (Kuramitsu, 1987;
Makino三二 .,1988).The Emr fragment was ligated into the艶lII Site of
pPC12 (Fig。 6).  The resultant plasmid pPC12Emr was used as the source of
the defective pac gene.  The linear 5.6 kb pac gene fragment with an Emr
insert was isolated from agarose gels after digestion of pPC12Emr with PstI.
Transformatlon of S. mutans MT8148 with the defective pac gene was carried
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out as described by Lindler and Macrina (1986).  The transformants were
isolated on mitis―sal varius agar (Difco)plates containing erythromycin (5
ug/ml).
HydrOphobicity
The relative surface hydrophobicity of S. mutans was determined by their
adsorption to hexadecane(Rosenbergニュ・,1980).C lls rown in brain
heart infuslon broth (Difco)were suspended in PUM buffer (Rosenberg tt al_・
,
1980)to an optical density at 550 nm (OD550)°f O.6.  Samples (3 ml)of the
bacterial suspenslons were placed in test―tub s, nd hexadecane (0.3 ml)was
added.  The tubes were then mlxed with a vortex mixer for l min.  After the
aqueous and hexadecane phases were separated, the OD550 °f the l°Wer queous
phase was measuredo  Adsorptlon was calculated as the percentage loss in
optical density relative to that of the initial cell suspenslon.
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Table l.  Cell―surface hydrophobicity of Emr transformants.
Hydrophobicitya         ELISA for PAcb
Strain           (% adsorbed to hexadecane)     (OD405)
So mutans
MT8148            29.5 ± 3.6
PAcEm-2             4.9 ± 1。5




a.  The relative surface hydrophobicity Of cells was determined by their
adsorption to hexadecane.  Values are the mean ± st ndard deviatlon (SD)of
tripllcate assays.
b.  Binding of the anti…PAc antibodies to the cells Of each strain.  Binding
was measured by ELISA with intact cells coated to 96 well microtiter plates.
Rabbit anti‐PAc serum and alkaline phosphatase‐co jugated goat anti…rabbit
lgG were used for the assay.  Values are the mean tt SD of triplicate assays,
OD405' Optical density at 405 nm。
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Figure legends
Fig。 1.  Partial restriction map of pPC12 and deletion analysis。
The plasmid pPC12 contained the 3.8 kb Pstl fragment of■mutans DNA
(thick line)at the multicloning site of PUCl18 plasmid vector.  The broken
lines indicate the reglons of DNA deletedo  Antigen expressed by each
subclone was detected by the colony immunoblot and Western blot assays.
Abbreviatlons: H,HindIII;P,凶3S,SacI.
Fig。 2.  Strategy for the cloning of the gene encoding the C―terminal
portlon of the PAc proteino  E. coll library which consiSted of SacI
fragments from S. mutans MT8148 DNA was screened by colony hybridization.
32P_labeled PstI―Sacl fragment of pPC12 was used as the probe.
Fig。 3.  Endonuclease restriction
indicated by the thick line.  The
pUCl18.  Abbreviations: B, 3amHI;
HindIII;P,PstI;S,w.There
or Xbal.
Fig. 4.  SDS―PAGE and Western bolt
harvoring pUCl18 and pPC41.
A:  Coomassie blue staining of the
map of pPC41.  S. mutans DNA insert is
bro en bars indicate the plasmid vector
Bg,wI;E,I茎塾2BI;E14,f堅塾⊆T141;H,
is no site in the insert for u,里I
analyses
gel.
of cell extracts of E. coll
-27-
B:  Western blot showing the reaction of rabbit anti―PAc serum.
Lane l, chromatographically purified PAc of S. mutans MT81483 1ane 2, cell
extract of L C01l MC1061(pUCl1 8)3 1ane 3,cell extract of MC1061(pPC41).
Fig. 5.  Southern hybridizatlon analysis of various streptococcal DNAs
digested with PstI.  32P_labeled l.5 kb Pstl fragment of pPC41 was used
as the probe.
A: Lane l,Se cricetus E49(serotype■)3 1ane 2D S●rattus FAl(serotype
b);lane 3,S.mutans MT8148(serotype■)3 1ane 4,■sobrinus B13(serotype
■)3 1ane 5,§.mutans田「703R(serotype e);lane 6,S.mutans OMZ175
(SerOtype■)3 1ane 7,■sobrinus卜何3791(serotype■)3 1ane 8,奎.doWnel
MFe28(serotype L)3 1ane 9,■sanguis ATCC105573 1ane 10,■sanguis ST3:
lane ll,■sallVarius HHT;lane 12,■pyogenes SF42.
B:  The open bar represents the 7.5 kb insert DNA of pPC41.  丁he fragment
used as the probe (1。5 k  Pstl)is indiCated by the closed bare
F19. 6.  ュ vitrO inactivation of pac gene and its recombinatlon with the
homologous reglon of the chromosome.  The l.8 kb BamHI fragment coding for
Emr (hatChed box)waS inserted into the ttglII Site of the pac gene (thick
llne)in pPC12.  The resultant pPC12Emr plasmid was cleaved with凶, and
transformed into S. mutans MT8148.  The right portlon of the figure depicts
the recombinatial event between the inactivated pac gene and the homolo9ous
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